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(54) UGHT EMITTING DIODE 

PURPOSE To provide a light emitting diode capable of improving 
external quantum efficiency by decreasing invalid emission. 
CONSTITUTION: There are a surface electrode 16, a pad portion 18 and 
primary branches 19a.... 19d extending linearly from the pad 18 on the 
surface 30 of a light emitting diode (semiconductor chip). Moreover, 
there are at least secondary branches 20a, 20b and 20c extending 
linearly from the primary branches 19a.... 19d and tertiary branches 22a. 
22b and 22c extending linearly from each of the secondary branches 
20a 20b and 20c. Along the pattern of this surface electrode lb. a 
semiconductor layer 31 including a light emitting layer 31 is provided 
directly below it. The semiconductor layer 31 has a projected mesa 
shape on the chip surface 30. 
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CLAIMS 



S:;:^i?.n the ..ght emitting diode which the laminating of the — ^T:::^^ 
containing a luminous layer is carried out to order on the surface of a l^^^^^f^.^^^ above-mentioned surface 
outgoing radiation of the light out of a ch.p from the part ^^'ch's not covered w,^^^^^^^ ^^^.^^^^ 
electrode among the above-mentioned semi-conductor '^V^^ ^^^^^^^^^^ in a line from the pad 

layer emitted The first branching to which the «bo^«-'"«"*'°"^^/"^^^^ branches from the second 

section and the above-mentioned pad sect.on. It has at '^^.^^^ a line, and the branching 

branching which branches from the first above-mentioned branchmg and .s pr^^^^^^^^ semi-conductor layer Light 

:j:le-mer,tioned surface electrode, and projected ^n'^^f ?^^^^^^^^ electrode 
[Claim 2] In the light emitting diode which the laminating of the sem. <^°"^';'^^°^ '^^^^^ ^. ^g^ries out 

containing a luminous layer is carried out to order on the surface of a -3"^;.;^°;^^^^^^ surface 

outgoing radiation of the light out of a chip from the P^;^^^^ f li^^^whk^ above-mentioned luminous 
electrode among the above-mentioned sem.-conductor layers m the l.ght wh^^^^^^^ ^.^^ 

layer emitted The first branching to which the ^bo^^-^.f branches from the second 
section and the above-mentioned pad section. It has at least t'^!^^;^ 3 ,i„e. and the branching 

branching which branches from the first above-mentioned branch.ng and is^^^^^^^^ "emi-conductor layer Light 

further second [ above-mentioned ]. and is prolonged in a ''"^ ^^°^;3tXl"^^^ every tip of branching of 

^itjr ^rr s^H^r n^^^^^^^^ - - — 

electrically in contact. [ of the maximum high order J 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the light emitting diode used for a display. 
[0002] 

[Description of the Prior Art] In recent years, what used the AIGalnP system ingredient other than GaAsP or a 
GaP system ingredient is being developed as light emitting diode (LED) which emits yellow thru/or a green light. 
[0003] As a conventional AIGalnP system LED, there is a thing as shown in drayying 6 R> 6 and drawm^^^^^ 
( drayyin^^ shows an LED front face and drayying 7 shows the VII-VII line view cross section in drayym^^ .). This 
LED is produced as follows. First, as shown in drawing 7 , the laminating of the n mold AIGalnP cladding layer 
191. the undoping AIGalnP luminous layer 192. the p mold AIGalnP cladding layer 193, the p mold GaAs contact 
layer 194, and the surface electrode (for example, AuZn) 195 is carried out to the front face 180 of the n mold 
GaAs substrate 190 on the whole surface. Next, the surface electrode 195 and each class 194,193,192,191 which 
carried out the laminating are alternatively removed until it results in substrate surface 190a, and it leaves a 
predetermined part, and the mesa (trapezoid) section 200 is constituted. The pattern (abbreviation etc. being in 
the pattern of a surface electrode 195 by carrying out) of the mesa section 200 should have combined the mesa 
branching 199a and 199b of the longitudinal direction which extends from the pad section 198 and this pad 
section 198 for performing wire bond, and the mesa branching 200a, — , 200h of the lengthwise direction which 
intersects the mesa branching 199a and 199b of this longitudinal direction, as shown in drawing^^.6 . Then, as 
shown in d rawing 7 , the rear-face electrode 196 is formed in the rear face of a substrate 190. 
[0004] If 200h of mesa branching is taken for an example in draw ing 7 , outgoing radiation of the light emitted 
from the luminous layer 192 will mainly be carried out out of a chip from the mesa side faces 201a and 201b on 
either side. The light which goes in the vertical direction is because it will be absorbed by a surface electrode 
195 and the substrate. As this shows, the reason for forming the mesa section 200 in the chip front face 180 is 
for taking out light out of a chip efficiently by increasing the area of an optical outgoing radiation side (mesa 
slant face). 
[0005] 

[Problem(s) to be Solved by the Invention] However, since the lateral mesa branching 199a and 199b and the 
mesa branching 200a, — , 200h of a lengthwise direction were made to only cross as the structure of the above- 
mentioned mesa section 200 was shown in drawin g 6 . the die length of the longitudinal direction of each mesa 
branching is comparatively long, for this reason — each — most does not arrive to a tip (for example, tip 201c), 
but mesa branching 200a, — , the light emitted by the longitudinal direction ( drawin g 7 cross direction) within 
200h turn into invalid luminescence. Consequently, the above-mentioned conventional LED has the problem that 
external quantum efficiency is bad. 

[0006] Then, the purpose of this invention is to offer the light emitting diode which invalid luminescence is 

decreased and can improve external quantum efficiency. 

[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the light emitting diode of this 
invention In the light emitting diode which the laminating of the semi-conductor layer and surface electrode 
containing a luminous layer is carried out to order on the surface of a semiconductor chip, and carries out 
outgoing radiation of the light out of a chip from the part which is not covered with the above-mentioned surface 
electrode among the above-mentioned semi-conductor layers in the light which the above-mentioned luminous 
layer emitted The first branching to which the above-mentioned surface electrode extends in a line from the pad 
section and the above-mentioned pad section. It has at least the 3rd branching which branches from the second 
branching which branches from the first above-mentioned branching and is prolonged in a line, and the branching 
further second [ above-mentioned ], and is prolonged in a line. The above-mentioned semi-conductor layer It is 
prepared along with the pattern of the above-mentioned surface electrode, and is characterized by making the 
shape of a mesa which projected on the above-mentioned chip front face. 

[0008] Moreover, the laminating of the semi-conductor layer and surface electrode with which the light emitting 



diode of this invention contains a luminous layer on the surface of a semiconductor chip is carried out to order. 
In the light emitting diode which carries out outgoing radiation of the light out of a chip from the part which is 
not covered with the above-mentioned surface electrode among the above-mentioned semi-conductor layers in 
the light which the above-mentioned luminous layer emitted the above-mentioned surface electrode The pad 
section, the first branching prolonged in a line from the above-mentioned pad section, and the second branching 
which branches from the first above-mentioned branching and is prolonged in a line, It has at least the 3rd 
branching which branches from the branching further second [ above-mentioned ], and is prolonged in a line, the 
above-mentioned semi-conductor layer is prepared for every tip of branching of the maximum high order of the 
above-mentioned surface electrode, and it is characterized by making the shape of a mesa which projected on 
the above-mentioned chip front face, respectively. 

[0009] Moreover, while the tip and the above-mentioned semi-conductor layer of branching of the above- 
mentioned surface electrode touch electrically, as for remaining parts and above-mentioned semi-conductor 
layers of the above-mentioned surface electrode, it is desirable [ the layer ] that it is not electrically in contact. 
[ of the maximum high order ] 
[0010] 

[Function] This invention was created by the next consideration by this invention person. The principle of this 
invention is explained using drawing 9. 

[0011] Drawing 5 (a) and (b) show typically the place which saw light emitting diode with the flat semi-conductor 
layer front face 1 from the upper part and the side (since it is easy, the surface electrode is omitted.). Outgoing 
radiation of the light p which carried out incidence to the abbreviation perpendicular on the front face 1 among 
the light emitted from the point L emitting light is carried out out of a chip (interrupted with a surface electrode 
in fact). However, outgoing radiation of the light q which carried out incidence aslant is not carried out out of a 
chip for total reflection, but it serves as an invalid Next, this drawing (c) and (d) show the case of the light 
emitting diode which has the stripe-like mesa branching 2 on a front face like dra wi ng 7 and the conventional 
LED shown in 8. In this case, outgoing radiation not only of the light r which goes upwards among the light 
emitted from the point M emitting light but the light s and t which goes to the side is carried out out of a chip. 
However, as already stated, outgoing radiation of the light u and v which goes to the longitudinal direction of the 
mesa branching 2 is not carried out out of a chip, but they serves as a loss. On the other hand, as shown in 
.dr:a_yviQg„5 (e) and (f), when the mesa branching 320 has branched high order like this invention, the die length of 
the longitudinal direction of the mesa branching 3 is comparatively short. Therefore, the light h emitted by the 
longitudinal direction of the light f which goes upwards among the light emitted from the point N emitting light, 
and not only the light i and g that goes to the side but mesa branching reaches tip 3a easily, and outgoing 
radiation is carried out to it. Therefore, invalid luminescence decreases as compared with the former, and 
external quantum efficiency is improved about 1.5 times. 

[0012] Moreover, while the tip and the above-mentioned semi-conductor layer of branching of the above- 
mentioned surface electrode touch electrically, when remaining parts and above-mentioned semi-conductor 
layers of the above-mentioned surface electrode do not touch electrically, the part directly under the above- 
mentioned tip of the above-mentioned surface electrode serves as a point emitting light among the above- 
mentioned semi-conductor layers. [ of the maximum high order ] Therefore, the light emitted from the point 
emitting light arrives at an optica! outgoing radiation side (mesa slant face) easily, consequently external 
quantum efficiency is improved further. 

[0013] In addition, this invention is applied not only to the AIGalnP system LED but to a general AIGaAs system, 
a GaP system, a ZnSe system (ZnCdSe system), a ZnS system, a GaN system, the SiC system LED. etc. 
Thereby, improvement in a property of various kinds LED is achieved. 
[0014] 

[Example] Hereafter, an example explains the light emitting diode of this invention to a detail. 
[0015] Drawing 1 shows the chip front face of the AIGalnP system LED of the 1st example. As shown in drawing 
1 . the mesa section 100 which consists of a surface electrode 16 and a semi-conductor layer 31 containing a 
luminous layer is formed in the chip front face 30. The pattern (the pattern of the mesa section 100. 
abbreviation, etc. being by carrying out) of a surface electrode 16 is equipped with the pad section 18 of the 
shape of an abbreviation rectangle for wire bond in the center. The first branching 19a, 19b. 19c. and 19d is 
prolonged in the shape of a straight line in the direction of a vertical angle from this pad section 18. The first 
branching 19a. 19b. 19c, and 19d serves as the same line breadth and the same die length (range which gave the 
slash alt over drawing) mutually. The second branching 20a, 20b. and 20c is branched and prolonged in the three 
way. respectively from the each first branching [ 19a, 19b, 19c. and 19d ] tip. The include angle which the first 
branching and the second branching make is 0 degree or 90 degrees. In addition, a design top has each first 
branching 19a. 19b. 19c. and 19d and the lapping second branching which it does not illustrate. The second 
branching 20a, 20b. and 20c serves as the same line breadth and the same die length mutually, and each die 
length has become one half to the first branching. Moreover, the 3rd branching 21a. 21b. and 21c is branched 



and prolonged in the shape of a straight line in the three way, respectively from the tip of each second branching 
20a, 20b, and 20c. The include angle which the second branching and the 3rd branching make is 0 degree or 90 
degrees. Moreover, the 3rd branching 21a, 21b, and 21c serves as the same line breadth and the same die length 
mutually, and each die length has become one half to the second branching, in addition, every — although the 
3rd branching has branched also from the middle of the 1st branching 19a. 19b, and 19c — this — every — it is 
because it laps with the 1st branching 19a. 19b, and 19c and the tip of the second branching which does not 
carry out [ above-mentioned ] illustration is in it. The above-mentioned semi-conductor layer 31 is formed along 
with the pattern of a surface electrode 16, and serves as a mesa configuration which projected on the chip front 
face 30. The contact sections 22a, 22b. and 22c for contacting the semi-conductor layer [ directly under ] 31 
are formed at the tip of the 3rd branching 21a. 21b. and 21c. On the other hand, parts other than the above- 
mentioned contact sections 21a and 21b and 21c are in the condition of not contacting as directly as the semi- 
conductor layer 31, among surface electrodes 16 (based on 20aluminum3 insulating layer 15 mentioned later). 
[0016] thus, the self [ **** / that it is regular and ] to which this above-mentioned surface electrode 16 had the 
equal number of branch separations in every branching, and. as for the relation between branching of a low 
degree, and high order branching, die length combined one half of *X' at four tips of the 'X' configuration — an 
analog — it has become a **. i.e.. a fractal configuration. Therefore, a pattern design can be performed easily. 
Moreover, the abbreviation whole region on the front face 30 of a chip can be covered to arborescence. without 
high order branching lapping. 

[0017] Drayyrjn^^^^ (a) - (f) shows the production process of this chip. This drawing (a), (c), and (e) illustrate a part 
of chip front face 30 (specifically near the tip of the second branching 20b), and this drawing (b), (d), and (f) 
show the B-B line in this drawing (a), (c), and (e), D-D line, and the F-F line view cross section, respectively. 
This chip is produced as follows. 

** it is first shown in this drawing (a) and (b) — as — the n mold GaAs substrate 10 top — MOCVD — by law 
(organic metal chemical-vapor-deposition method), deposit the n mold AIGalnP cladding layer 11, the undoping 
AIGalnP luminous layer 12, the p mold AIGalnP cladding layer 13, and the p mold GaAs contact layer 14 on the 
whole surface in order as a semi-conductor layer 31, and form aluminum203 insulating layer 15 further. Next, 
Openings 15a, 15b, and 15c are formed in a predetermined part among 20aluminum3 insulating layers 15 with 
photolithography. 

** Next, patternize this surface electrode 16 in the fractal configuration described previously after vapor- 
depositing a surface electrode (AuZn) 1 6 on this on the whole surface, as shown in this drawing (c) and (d). Here, 
the part in which the above-mentioned openings 15a, 15b, and 15c were formed serves as the contact sections 
22a, 22b, and 22c. Moreover, the rear-face electrode 1 7 is formed in the whole surface also at the rear-face 
side of a substrate 1 0. 

** Next, as shown in this drawing (e) and (f), perform a photolithography, etch until it reaches the substrate front 
face 30 in aluminum203 insulating layer 15 and the semi-conductor layer 31 along with the pattern of a surface 
electrode 16, and process it in the shape of a mesa. Wet etching or RIBE (reactant ion beam etching) is 
sufficient as etching. This forms the mesa section 100 (the completion of production). 

[0018] As mentioned above, this AIGalnP system LED covers the chip front face 30 to arborescence by the 
mesa section 100, and is contacting the surface electrode 16 and the semi-conductor layer 31 only in the 
contact sections 22a, 22b, and 22c at the tip of the 3rd branching (highest degree) 21a, 21b, and 21c. Therefore, 
convenience directly under a tip of the 3rd branching 21a, 21b, and 21c can be made into the point emitting light, 
and the point emitting light and an optical outgoing radiation side (mesa slant face) can be made to approach 
substantially as compared with the former. Thereby, invalid luminescence can be decreased and external 
quantum efficiency can be improved. When property measurement was actually performed, luminescence 
wavelength was 570nm (yellowish green), and external quantum efficiency was 2.5%. 

[0019] In addition, the mesa section 100 is not necessarily restricted to the thing of the above-mentioned 
configuration, and should just carry out outgoing radiation of the light from a mesa slant face substantially. For 
example, as shown in drawin g 2 (h). etching may be carried out to to the middle of the p mold AIGalnP cladding 
layer 13, and you may stop before the undoping AIGalnP luminous layer 12. Moreover, although illustration is 
omitted, it may carry out etching to to the middle of the undoping AIGalnP luminous layer 1 2, and may stop it 
before the n mold AIGalnP cladding layer 1 2. On the other hand, what stopped etching even in the p mold GaAs 
contact layer 14 is not contained. It is the layer prepared in order that the p mold GaAs contact layer 14 may 
only raise electrical characteristics, and is because outgoing radiation of the light is not carried out from the 
slant face. Similarly, an opaque layer is also removed from the mesa section to light. 

[0020] Moreover, as shown in this drawing (g), the tip of the mesa section 100 (a surface electrode 16 and semi- 
conductor layer 31) may be made into a sector by changing the pattern of a photolithography. In this sector, 
luminous efficiency increases more. 

[0021] Moreover, the location of the pad section 18 is not limited in the center on the front face 30 of a chip, 
and may be in a periphery. 



[0022] Moreover, the contact sections 22a, 22b, and 22c may be formed also in the middle point of the second 
branching 20a, 20b, and 20c which did not prepare only at the tip of the 3rd branching (highest degree) 21a, 21b, 
and 21c, for example, was shown in drayying 1 . In this case, although the current-light conversion efficiency 
itself falls a little, the amount of total luminescence per chip can be increased. 

[0023] Moreover, the pattern configuration of a surface electrode 16 may not be based on etching, but may be 
formed by the so-called mask vacuum evaporationo (it vapor-deposits using the metal mask which has opening 
of the same configuration as a surface electrode 16), 

[0024] Moreover, neither a surface electrode 16 nor the rear-face electrode 17 is formed before carrying out 
mesa etching of the above-mentioned semi-conductor layer 31, but after carrying out mesa etching of the 
above-mentioned semi-conductor layer 31, you may make it prepare. 

[0025] Moreover, the ingredient of LED may not be limited to AIGalnP and may be KARUKO pyrite system semi- 
conductors, such as II-VI group compound semiconductors, such as groups III-V semiconducter, such as 
AIGaAs, GaAsP, GaP, AIGaN, and GalnAsP, ZnCdSSe, and ZnCdSeTe, CuAISSe, and GuGaSSe, etc. 
[0026] Moreover, it may not be limited to GaAs and GaP, InP, sapphire, etc. are sufficient, and the substrate 
ingredient may be opaque to luminescence wavelength, or may be transparent, n mold or p mold is sufficient as 
the conductivity type of a substrate. 

[0027] Moreover, although the surface electrode 16 which has branching was formed only in the chip front-face 
30 side in this example, when using a transparent substrate to luminescence wavelength, branching is prepared 
also in the surface electrode 17 by the side of a substrate rear face. Thereby, optical outgoing radiation 
effectiveness can be raised further. [0028] Moreover, junction of luminous layer 12 interface may not be limited 
to a double heterojunction, and may be a single heterojunction and gay junction. 

[0029] moreover, each semi-conductor layers 11, — ,14 — MOCVD — although formed by law (organic metal 
chemical-vapor-deposition method) — MBE — law (molecular-beam-epitaxy method) and VPE — law (vapor 
growth) and LPE — you may form by law (liquid phase grown method) etc. Pn junction is made at the time of 
crystal growth, and also it may diffuse and form a dopant after crystal growth. 

[0030] Moreover, AuZn, InAu, Gr/Au, Mo/Au, Ti/Pt/Au, Au, aluminum. In, ITO (tin addition indium oxide), In02 
and Sn02, and these cascade screens are employable as an ingredient of a surface electrode (p lateral 
electrode) 16. On the other hand, AuGe/nickel, AuSn, AuSi, Mo/Au, Au(s), aluminum, In(s) and ITO(s), and these 
cascade screens are employable as an ingredient of the rear-face electrode (n lateral electrode) 17. 
[0031] Drawing 3 shows the ZnCdSe system LED of the 2nd example. This drawing (a) showed the whole chip 
front face, and this drawing (b) has illustrated the part (near [ one ] the mesa section). Moreover, this drawing 
(c) shows the C-C line cross section in this drawing (b). 

[0032] As shown in this drawing (a), this LED equips the chip front face 50 with two or more mesa sections 57a, 
57b. and 57c and — which become a surface electrode 47 from the semi-conductor layer 51 containing a 
luminous layer. The pattern of a surface electrode 47 is equipped with the pad section 52 of the shape of an 
abbreviation rectangle for wire bond in the center like the 1st example. The first branching 53a, 53b, 53c, and 
53d is prolonged in the shape of a straight line in the direction of a vertical angle from this pad section 52. The 
first branching 53a, 53b, 53c, and 53d serves as the same line breadth and the same die length (range which 
gave the slash all over drawing) mutually. The second branching 54a. 54b. and 54c is branched and prolonged in 
the three way. respectively from the each first branching [ 53a. 53b, 53c. and 53d ] tip. The include angle which 
the first branching and the second branching make is 0 degree or 90 degrees. In addition, a design top has each 
first branching 53a. 53b. 53c, and 53d and the lapping second branching which it does not illustrate. The second 
branching 54a, 54b, and 54c serves as the same line breadth and the same die length mutually. Moreover, the 3rd 
branching 55a. 55b, and 55c is branched and prolonged in the shape of a straight line in the three way, 
respectively from the tip of each second branching 54a, 54b, and 54c. The include angle which the second 
branching and the 3rd branching make is 0 degree or 90 degrees. Moreover, the 3rd branching 55a, 55b. and 55c 
serves as the same line breadth and the same die length mutually, in addition, every — although the 3rd 
branching has branched also from the middle of the 1 st branching 53a, 53b. and 53c — this — every — it is 
because it laps with the 1 st branching 53a. 53b, and 53c and the tip of the second branching which does not 
carry out [ above-mentioned ] illustration is in it. moreover — as the degree of branching becomes high — each 
— the die length of the following branching — gradually — short — becoming — each — the line breadth of the 
following branching is becoming narrow gradually. The above-mentioned semi-conductor layer 51 is formed for 
every tip of the 3rd branching (highest degree) 55a, 55b, and 55c of a surface electrode 47, and serves as a 
mesa configuration which projected on the chip front face 50, respectively. The contact sections 56a, 56b, and 
56c for contacting the semi-conductor layer [ directly under ] 51 are formed at the tip of the 3rd branching 55a. 
55b, and 55c. On the other hand, parts other than the above-mentioned contact sections 55a and 55b and 55c 
are in the condition of not contacting as directly as the semi-conductor layer 51, among surface electrodes 47 
(based on 20aluminum3 insulating layer 46 mentioned later). 
[0033] This chip is produced as follows. 



** it is first shown in this drawing (c) — as — the n mold GaAs substrate 40 top — MBE — deposit the n mold 
InGaAs buffer layer 41. the n mold ZnSe cladding layer 42, the undoping Znl-xCdxSe (x= 0.2) deformation 
amount child well luminous layer 43, the p mold ZnSe cladding layer 44, and the p mold GaAs contact layer 45 on 
the whole surface in order as a semi-conductor layer 51 by law: 

** Next, perform a photolithography, etch the above-mentioned p mold ZnSe cladding layer 44 in the shape of a 
truncated cone, process it, and form the mesa section 57. 

** Form 20aluminum3 insulating layer 46 on this after removing a photoresist. And opening 45a is formed in the 
part which is equivalent to the top face of the mesa section 57 among 20aluminum3 insulating layers 46 with 
photolithography. 

** Next, patternize this surface electrode 47 in the fractal configuration described previously after vapor- 
depositing a surface electrode 47 on this on the whole surface. Here, the part in which the above-mentioned 
opening 45a was prepared serves as the contact section 56. Moreover, the rear-face electrode 48 is formed in 
the whole surface also at the rear-face side of a substrate 40 (the completion of production). 
[0034] Thus, since the semi-conductor layer 51 containing a luminous layer 43 is formed in the shape of a mesa 
in this LED for every tip of the 3rd branching (highest degree) 55 of a surface electrode 47 A luminous layer 43 
can carry out outgoing radiation of a great portion of light in which not only the light turned to, passed through 
and emitted but the 3rd branching 55 in which the 3rd branching 55 does not consist consists and which was 
emitted for it to be suitable (it sets to dra w ing 3 (b) and (c), and is right-hand side) out of a chip effectively. 
That is, since mesa slant faces are surrounding the surroundings of the point emitting light, the point emitting 
light and a mesa slant face can be made to approach further substantially as compared with the 1st example. 
Therefore, outgoing radiation of the light which the luminous layer 43 emitted can be efficiently carried out out 
of a chip through an annular mesa slant face, and external quantum efficiency can be further raised as compared 
with LED of the 1st example. 

[0035] In addition, it may not be limited to GaAs and ZnSe etc. is sufficient, and the substrate ingredient may be 
opaque to luminescence wavelength, or may be transparent, n mold or p mold is sufficient as the conductivity 
type of a substrate. 

[0036] Moreover, the ingredient of LED may not be limited to ZnCdSe and may be KARUKO pyrite system semi- 
conductors, such as II-VI group compound semiconductors, such as groups III-V semiconducter, such as 
AIGalnP, AIGaAs, GaAsP, GaP, AIGaN, and GalnAsP, ZnSe, ZnCdSSe, and ZnCdSeTe, CuAISSe, and CuGaSSe. 
[0037] Moreover, although the luminous layer 43 set to Znl-xCdxSe (x= 0.2), especially the value of x may not 
be limited and may be ZnSe of x= 0, Moreover, a luminous layer may be n mold ZnSe/ZnCdSe multiplex quantum 
well structure. 

[0038] Moreover, although the buffer layer 41 considered as the n mold InGaAs, you may be the n mold ZnSSe 
and may be an n mold ZnS/ZnSe distorted superlattice layer. 

[0039] moreover, each semi-conductor layers 41, — , 45 — MBE — although formed by law — MOCVD — law 
and VPE — law and LPE — you may form by law etc. Pn junction is made at the time of crystal growth, and also 
it may diffuse and form a dopant after crystal growth. 

[0040] Draw ing 4 shows the AIGalnP system LED of the 3rd example. This drawing (a) showed the whole chip 
front face, and this drawing (b) has illustrated the part (near [ one ] the mesa section). Moreover, this drawing 
(c) shows the C-Q line cross section in this drawing (b). 

[0041] As shown in this drawing (a), this LED equips the chip front face 90 with two or more mesa sections 86a, 
86b, and 86c and — which become a surface electrode 76 from the semi-conductor layer 91 containing a 
luminous layer. The above-mentioned surface electrode 76 The abbreviation rectangle-like pad section 81 and 
the first branching 82a and 82b, the second branching 83a, 83b. 83c, 83d, 83e, 83f, 83g, and 83h and every — it 
has the 3rd branching 84a, 84b, 84c, 84d, 84e. 84f, 84g, and 84h which branched from the 2nd branching 83a, — , 
83h. That is. the first branching 82a and 82b was formed on the straight line parallel to the tip side side which 
passes along the pad section 81, and the eight second branching 83a, — . 83h is perpendicularly formed in this 
first branching 82a and 82b. The 3rd eight branching 84a, — , 84h is formed at right angles to the branching 83a, 
— . 83h further second [ each ]. In addition, this 3rd branching is not formed in fact in the part which laps with 
the pad section 81. The above-mentioned semi-conductor layer 91 (namely, mesa section 86a, — ) serves as a 
configuration of 3rd branching (highest degree) 86a of a surface electrode 76, and — which projected in the 
shape of a cylinder for every tip, respectively. The contact sections 85a, 85b. and 85c for contacting the 3rd 
branching 84a, 84b, and 84c and the semi-conductor layer 91 directly under a tip of — and — are prepared. 
[0042] This chip is produced as follows. 

** First, as shown in this drawing (c), etch alternatively the front face of the n mold GaAs substrate 70. and 
form cylinder-like projection 70a in the part which should form each mesa section 86. 

** next, a this top — MOCVD — deposit the n mold AIGalnP cladding layer 71. the undoping AIGalnP luminous 
layer 72. the p mold AIGalnP cladding layer 73, the p mold GaAs contact layer 74, and the n mold GaAs current 
blocking layer 75 on the whole surface in order as a semi-conductor layer 91 by law. This forms the projecting 



mesa section 86 in the part of projection 70a. At this time, the thickness of each class 71, 72, and 73 becomes 
thin rather than other parts (flat part) on the mesa side face 79. 

** Next a photolithography is performed, etch alternatively the n mold GaAs current blocking layer 75, form 
opening 85 in the part on the above-mentioned projection 70a, and expose the p mold GaAs contact layer 74 in 
this opening 85. 

** Next, vapor-deposit a surface electrode 76 on the whole surface. A photolithography is performed and a 
surface electrode 76, the n mold GaAs current blocking layer 75, and the p mold GaAs contact layer 74 are 
processed into the pattern of illustration. Finally, the rear-face electrode 77 is formed in the rear face of a 
substrate 70 (the completion of production). 

[0043] Thus, when it produces, since the thickness of each class 71. 72, and 73 is thin on the mesa side face 79. 
the electric resistance of this part is larger than the electric resistance of a flat part. Consequently, only the 
part on the above-mentioned projection 70a emits light among luminous layers 72. Therefore, like the 2nd 
example, the distance of the point emitting light and the optical outgoing radiation side (mesa side face) 79 can 
be made to be able to approach substantially, and outgoing radiation of the light which luminous layer 72a 
emitted can be efficiently carried out out of a chip. 

[0044] Moreover, when forming the semi-conductor layer 91 after projection 70a formation like this 3rd example, 
as compared with the case where a projection (mesa section) is formed, the height of the etching depth, i.e., the 
mesa section, can be easily controlled after the semi-conductor layer 31 and 51 formation like the 1st and 2nd 
example. It is because the presentation of an etching object becomes one kind. 

[0045] In addition, when depositing the above-mentioned semi-conductor layer 91, deposition on the side face of 
projection 70a can be prevented from almost being generated by optimizing MOGVD conditions. For example, 
what is necessary is just to adjust substrate temperature and a raw material gas mixture ratio, after setting 
(001) and field bearing of a side face to {1 1 1} for field bearing of the GaAs substrate 70. 
[0046] 

[Effect of the Invention] So that clearly as mentioned above, the light emitting diode of this invention In the light 
emitting diode which the laminating of the semi-conductor layer and surface electrode containing a luminous 
layer is carried out to order on the surface of a semiconductor chip, and carries out outgoing radiation of the 
light out of a chip from the part which is not covered with the above-mentioned surface electrode among the 
above-mentioned semi-conductor layers in the light which the above-mentioned luminous layer emitted The first 
branching to which the above-mentioned surface electrode extends in a line from the pad section and the 
above-mentioned pad- section. It has at least the 3rd branching which branches from the second branching which 
branches from the first above-mentioned branching and is prolonged in a line, and the branching further second 
[ above-mentioned ], and is prolonged in a line. Since the shape of a mesa from which the above-mentioned 
semi-conductor layer was prepared along with the pattern of the above-mentioned surface electrode, and 
projected on the above-mentioned chip front face is made, the point emitting light and an optical outgoing 
radiation side can be made to approach substantially as compared with the former. Therefore, outgoing radiation 
of the light which the luminous layer emitted can be efficiently carried out out of a chip, and external quantum 
efficiency can be raised. [0047] Moreover, the laminating of the semi-conductor layer and surface electrode with 
which the light emitting diode of this invention contains a luminous layer on the surface of a semiconductor chip 
is carried out to order. In the light emitting diode which carries out outgoing radiation of the light out of a chip 
from the part which is not covered with the above-mentioned surface electrode among the above-mentioned 
semi-conductor layers in the light which the above-mentioned luminous layer emitted The first branching to 
which the above-mentioned surface electrode extends in a line from the pad section and the above-mentioned 
pad section, It has at least the 3rd branching which branches from the second branching which branches from 
the first above-mentioned branching and is prolonged in a line, and the branching further second [ above- 
mentioned ]. and is prolonged in a line. Since the shape of a mesa from which the above-mentioned semi- 
conductor layer was prepared for every tip of branching of the maximum high order of the above-mentioned 
surface electrode, and projected on the above-mentioned chip front face, respectively is made, it can surround 
near the point emitting light in respect of optical outgoing radiation (mesa slant face), and the point emitting light 
and an optical outgoing radiation side can be made to approach substantially as compared with the former. 
Therefore, outgoing radiation of the light which the luminous layer emitted can be efficiently carried out out of a 
chip, and external quantum efficiency can be raised. 

[0048] Moreover, while the tip and the above-mentioned semi-conductor layer of branching of the above- 
mentioned surface electrode touch electrically, when remaining parts and above-mentioned semi-conductor 
layers of the above-mentioned surface electrode do not touch electrically, they can make the part directly under 
the above-mentioned tip of the above-mentioned surface electrode the point emitting light among the above- 
mentioned semi-conductor layers. [ of the maximum high order ] Therefore, the light which the luminous layer 
emitted can be made to be able to arrive at an optical outgoing radiation side (mesa slant face) easily, 
consequently external quantum efficiency can be raised further. 



[Translation done.] 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawin g 1] It is drawing showing the chip front face and cross section of the AIGalnP system LED of this 
invention. [ of the 1st example ] 

[Dravying 2] It is drawing showing the production process of Above LED. 

[ Drawin g 3] It is drawing showing the chip front face and cross section of the ZnCdSe system LED of this 
invention. [ of the 2nd example ] 

[Drawing 4] It is drawing showing the chip front face and cross section of the AiGalnP system LED of this 
invention. [ of the 3rd example ] 

[Drawin g 5] It is drawing explaining an operation of this invention. 

[Drawing 6] It is drawing showing the chip front face of the conventional AIGalnP system LED. 

[Drawing 7] It is drawing showing the chip cross section of the above-mentioned conventional AIGalnP system 

LED. 

[Description of Notations] 

1 Semi-conductor Layer Front Face 

2 Three Mesa branching 
3a Tip 

10, 40, 70 n mold GaAs substrate 

11 71 n mold AIGalnP cladding layer 

12 72 ANDOBU AIGalnP luminous layer 

13 73 p mold AIGalnP cladding layer 

1 4. 45, 74 p mold GaAs contact layer 
15 46 20aluminum3 insulating layer 

16, 47, 76 Surface electrode 

1 7, 48, 77 Rear-face electrode 

18, 52. 81 Pad section 

19a, — . 19d and 53a, — , 53d. 82a, 82b The first branching 

20a. — . 20c and 54a, — , 54c. 83a, — , 83h The second branching 

21a, — , 21c and 55a, — , 55c. 84a, — , 84h 3rd branching 

22a. — . 22c. 56 and 56a, — . 56c. 85 and 85a. — Contact section 

30. 50. 90 Chip front face 

31, 51, 91 Semi-conductor layer 

41 N Mold InGaAs Buffer Layer 

42 N Mold ZnSe Cladding Layer 

43 Undoping ZnCdSe Deformation Amount Child Well Mold Luminous Layer 

44 P Mold ZnSe Cladding Layer 

57, 57a, ~ 57c. 86, 86a. — , 100 Mesa section 
75 N Mold GaAs Current Blocking Layer 

[Translation done.] 
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<D^Ki:*W^lie{iO° $/c{i9 0" i::&r?T(/>5o 
$fc. ^3i^(D53-1$5 5a, 5 5b, 5 5cti. SlMClSl- 

3a, 5 3b. 5 3c<Dt^l3:Ef)->ib^m3^k<0^m'^^i&L 
Tl/^^A^ Cinti^^ 1 ^^cD^i-fi^S 3a, 5 3b. 5 3clC 30 
M^o T±E0^^ b^i 2 :kcO'7^^cD^i^t)'i$) ?, fcfe 

(D^3'MmM^-k)(D^^5 5 a. 5 5 b. 5 5c©5fe«m<: 

i:^oTt^i.o S3iJ>;(D53'e?5 5a. 5 5b. 5 5ccD^fe*S 

g|5 5 6a. 5 6b, 5 6c*^SltC)nTl/^5o -T^. SMW 
@4 7 CO ^ ^±123 ^^i' hg|55 5a, 5 5b, 5 5cJi(n 40 

[0 0 3 31 t:©^'y:/{i, :k(OJ^oi,cLr{^mt?>o 

®S-r\ IpI0(c)lC^>-r<J;9t. ng|GaAsa;E4 0± 
tc, MBEjilCJzO. *»(*M5 1 i:tTnSyinGaAs 
''^y77M4 K nSiZnSe^''7'y Ke4 2, 7yK- 
7'Zn,.. Cd. Se(x=0. 2)SS?^tpfS)fe»4 3. pSI 
ZnSe^^ y K®4 4, p^GaAsn>^?^ hg4 5^ 

0:^{C. 7 h U y 7 W ^tTO r , ±tepSI Z n S e 50 
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^^ y KS4 4^R»^t^{i:x-yf->^7-LT*DIUT. 
^^tg(5 5 7%ffM-r5o 

Bm4e^BfS.t^o tLX. 7;t h'Jyy■7 7^'-t^: 
J;-pT. Ah03*|ilB4 6CD'5-5^-9-g|5 5 7<D±ffitC 
tB5yT5iiRfftcP»lP4 5a^}B^1-§o 

®:^{c. c(D±K±mic^mMm4 7:^MMLrci^. c 

coaffi«S4 7^5tli:3-^fc7v^^>'l/}Bt>clc/'^^-^ 

{t-r§o ciix\ ±mmn4 5a^mifrzmmti^::i>'!' 

^ hg|55 6 i::&5„ S/c. Stg4 OOSffiiJtfeSffim 
S4 8^^ffilCffMr5({til^7)c 
[0 0 3 4] c:<DJ:9lC, ClOLEDT'tix I87fe»4 3 

^^iS^mi^mS l^Sffi«1i4 7<D^3i^(«Si^)cD 
^^1$5 5c05t4SS(C><-9-t*ctcSttTV^5©T\ fS7t)i4 
3 ti'-m 3 i^co^i-^^ 5 5 1)"^^ L*l/^[^ t-\fg L/cT^/cttT' 
^3;^<D5i-t$5 5*W?.[Slt(^3(b), (c)ti:*5 
i/^TMiJ)tcfg Lfc7te%;*:gi5^^*5at<:9^-y yn-^tBM-r 

A^oT, n^B4 3i)'^^Lrcyc^mm(D)^vmm^mb 
x^m^<^y/9^^iii%it^!itii^x^. f^mmm 

[0 0 3 5] S«#m GaAstcPI^^tl^ 

r'{i*<, ZnSe*if-r't.M<. ^)tSfiU:WLT^g 

T^.p§yT't<i;i/\ 

[003 6] Sfc. LED<DUnifi. ZnCdSetcRlS 
$n§tO-r{i:&<. AlGalnP. AlGaASs GaAs 
P. GaP. AlGaN. Ga I nAsP^iftOlII- V)lfb 
^m^mW. ZnSe, ZnCdSSe. ZnCdSeTe^i; 
<OU-ymit^^mi^. CuAlSSe. CuGaSSe^ 
E<Dti)l::i^i-f^^ h^^mWX$>^Xi,^l\ 

[0 0 3 7] $fc, f87tB4 3{iZn.. Cd. Se(x=0. 

x=0©ZnSeT'feoTfemi/^o *fc. ^KMiin 
S Z n S e/ Z n C d S e^aa^^tP-^jiT-fe o T t 

[0 0 3 8] /^y7rS4 HinS I nGaAsi: L 

fcA^ nSZnS SeT'feoTtS<, niJZnS/ZnSe 

[0 0 3 9] $rc. ^i{i»(*:S4 1 . 4 5%MBEgfe 

•effMLfcA^ MOCVDS. VPEj^. LPEm^JiH 

A\ mFBmmmch'-^^yh^m^LXBlti.LX^i: 

[0 0 4 01 E4(im3^Sl^jOAlGa 1 nP?SL E D 
^^LTI.^'&o [^H(a)«f--y7°*fficD^ft^,T^L. 13] 
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t^rc. P0(c)«l5|ia(b)lc*jlJ§C-C^Biffi^^bT 
[00 4 1] mm(s)iC^st^^\C^ ^cDLEDti, ^ 

y -fm 9 0 icmmmm let. ^ym^tts^mi^m 

9 1 *^^*§^S![<0>{-9-gP8 6a. 8 6b. 8 6c. -^m^ 

i:. ^liJ^©»S8 2a. 8 2bil. m2^X(D^i^8 3a, 
8 3b. 8 3c, 8 3d. 8 3e. 8 3f. 8 3g. 8 3hi:. 
Z^^cOj^m 3a,-. 8 3hi)-'^^i^brcf^3^A<D^m8 
4 a. 8 4 b. 8 4 c, 8 4 d, 8 4 e. 8 4 f. 8 4 g, 8 4 10 
tri/^^o t^j:t>^. ^^yFa58 1 *il-5f->y ^iJEJC 
¥fT%ili^±t^ 1 i^cD^i-e 8 2 a. 8 2 b^^lt. C <D 
B 1 'AO'A^S 2a, 8 2blcSit^C^2ij>;Ci^^1$8 3a. 
-. 8 3h^8*^ttT(/^§o $e.t:&m2::^C0^1$8 3 
a.-. 8 3McmW.Kf^3^^<D^^8 4a. ■•. 8 4h^8* 
iSltri/^Sc ^4b\ CO|g3i:X:(D5^-Kti, /^yFg|58 1 

S9 1 (f^ftt^-fe^-y-gPS 6a,-)ti. gffi«1S7 6©^ 

3 MmM^^xoj^u 8 6 a. -o^tsgsjc. ^-n^nntt 

4^t?!|ietfcJgtti::&oTV>;5o ^ 3 i^O^j-S 8 4 a, 8 20 

4 b. 8 4 c. itT<D*iSi*e9 1 t^f&t 

^rztb<D=iy'}i^ hgP8 5a. 8 5b. 8 5c. •A^^tte.n 

[0 0 4 2] C<D^-y/l,i. 'XO^'jlCLTi^mt^o 
®*-f> l^@(c)tc^-rj:9t, nSGaAsSte? 0(Dg 

tiiBfr{cRttt«c(D^|e7 Oa^ffMI-^o 

©;j«JtC. C(0±lC. MOC VD?i{Cj;<3. #Wf*S9 1 

i;tTnSaAlGaInP^v>y KB7 K 7yh'--fM 

Ga 1 nPfl7tM7 2. pl^A 1 Ga I nP y F« 7 3 . 30 

piaGaAsn>i5?^ hS7 4. ngiGaAsttj^iffiiH? 5 

^wc^stci««-r^o cniiiiD. i§e7 0acD@fiiT 

ffi 7 9 T'«, i 0 7 1.72.7 

3©)¥**W<*-5o 

®i>;{c, 7;^ hUVy^7w%fToT, nSGaAsl|>55 

PI±17 S^mVimcjLyi-y'^'LX. ±lB^e7 Oa 

±<DSfimcmn8 5^Bis.L. c(Dma8 smcpmca 

®:j>jtc, *ffi«@7 6^^ffitcM«-r5„ 7:^- F 'jy^* 40 

^7-1'^fToT. affi1iffi7 6.n§lGaAs«i^PIjl;S7 
5t5<l;y'pilGaAs3>:5f^ hM7 4*0^®/^:Jf-> 
tJtal-rSo Sfik:, »«7 0<DKffitSffi«ffi7 7J& 

[0 0 4 3] ca)J;9(<:LTftgiLfc«^. ^■9-fiiJffi7 
9T'^H7 1.7 2.7 3iOjP**m^Ci:*^e>. C(0gi5 

So c:(D^^« fg7t^7 2(D9-6±ie^e7 Oa±<OgP 

»5i£,^,i jtan^ffic^ -y-ijs) 7 9 1 ©ssi^^sMtifi 50 
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< ^ -y y^'\tiSl^-r -5 C t t So 
[0 0 4 4] t/c. c:cDl|3llSS0iJ<D<j;3{C?^e7 Oa 
}^)S}ttc4^#<*M9 l^SttS^^. ^1.^2^»J 
©J;3ti|s^tte3 1.5 l}K^tmc^e(^-9-g|5)^JB 

[0 0 4 5] ±te^|ia|f*e9 1 ;&if|«-r5^^JC 
MOC VD^ff;&a)iffrSCi:Jci:oT. ?^S7 0a 

tSo 0IJ^«, GaAsaifi7 0(0ffi;(3{!i*(0 0 1), ®J 
ffi<Dffi;^fi^{i 1 i}i:L/-c±. »Krgjg^ll5|s4**xg 

[0 0 4 6] 

^ I ^g(5^^*^ e 9^ -y yn^Tt ^ ffi 1^ -r S 5^7^ ^ - F t 

^i-JS^LTWcMtf S^ 2 i^cD^^Ki:. $ e,tcJ:Sg^2 
P. ^^HS b T i^^yc t ® t/ S ^ 3 i^(r)5>S>&'>* 

^LTi>s<^)-?:\ ^^-^.t^mmmtmt^matLxm 

^b/c^*5(ll*a<^-y^^'\ai*f-rsci:A^T-#. n 
[0 0 4 7] Sfc. C©fgB^(0fg7t^'V:t-F{±. 

(DoiE>±mmmmmxmt>nx<.^rs\,^^j^ii^^=^yfn 
jb^ -'^•yKaJi:^ ±fe^^y FgPA^e>;^wc®tfsm i 

cO^^Sil. ±t2mii^<D5tS*^e.53-KLTli«tc}lD*S 
m 2 i^i05^e t , ? ^ ±12^ 2 :k(D^m' P. 53-© LT 
S4^(cjiCfS^3;^05j^fi^^'>*< i:t*t. ±E^|ijS 

n. ^n^nilB^-yT'SE-C^ieL/cTt-y-^^^LT 

ctfi^X't. ^^Mi:^mmt^vtmc]tLxnmm 

=?-%m^mi^^^iiif'X'^^. 

[0 0 4 8] S/c, ±tegffi«li<DSiii^(D^S(Ofti^ 
t±le*W^*Hi:^±«aWtc}gtt!LT^^S-;^. ±128 
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[01] ilOfgBjlomillfiSWOAlGalnPI^LE 

[02] ±iBL E xxDWWTm^^^tmxh^o 

[03] C(D%^©^2|ISgfiaj©ZnCdSe2^L ED 

[04] z.<r)mm^^%mm<r) k\Qz\ n?^LE 

[0 5] i:co5eB^cDftffl^liiB^-r§0T-S§<, 

[06] i*e*<DAlGaInP2SL EDcO^-y^^ffi* 
[07] ±l3tj;e*OAlGaInP3SLED<Df-yy»? 

1 ^^<*g«E 
2.3 7(-9-57^«^ 
3a 

1 0.40,70 nSCaAsS^g 
11,71 nSlA.lGaInPi'^>y KS 

[01] 

22o 2l<i 21b 




30 no 31 16 



(7) 1tF^T6-59 12 

12 

* 1 2,7 2 7>K-7AlGaInP5t7fe« 
13,73 pSAlGalnP^^ y KH 
1 4,4 5.7 4 piiGaAsa:^^^ hS 
15,46 Ah 03ijSiJM 
1 6,4 7,7 6 
1 7.4 8,7 7 Kffi€<i 
18,52,81 /^yKg|5 

1 9a. --, 1 9d, 5 3a, ■•. 5 3d. 8 2a. 8 2b ^ I '^!k 
10 2 Oa, ••, 2 Oc. 5 4a, ". 5 4c, 8 3a. --, 8 3h ^2 

2 la.-. 2 Ic. 5 5a.-. 5 5c, 8 4a, -, 8 4h S3 

2 2a. --, 2 2c. 5 6. 5 6a. -, 5 6c, 8 5,8 5a, •• 

3 0.50,90 "f-yfrnm 

3 1,51.91 ^mW-M 

4 1 nlU I nGaAs/^^yyrW 
4 2 nSZnSe^'^'y Ke 

20 4 3 7>F-:/ZnCdSeSfi?#pSfl7l£S 

4 4 pSiZnSei'^'y 

5 7.5 7a. -. 5 7c, 8 6.8 6a. -, 1 0 0 p^-y-gP 
* 7 5 niyGaAsSi?ilPI±B 

[06] 
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